Abstract. The RADARSAT-2 mission comprises the construction, launch, and operation of Canada's second synthetic aperture radar earth observation spacecraft and the establishment of ground infrastructure to support the spacecraft and the data users. The RADARSAT-2 mission is being implemented in a partnership arrangement between government and private industry and will be operated and commercialized by industry. This paper provides an introduction to RADARSAT-2 and the overall context for the mission, including the background, an overview of the major operating parameters, and a description of the major elements and events in the mission. Other papers in this special issue provide details on the design of the spacecraft, the ground segment, applications, and other aspects. 
Introduction
On 4 November 1995, RADARSAT-1, the first Canadian earth observation spacecraft, was successfully launched from the Western Range in California (for more information see the Canadian Journal of Remote Sensing, RADARSAT special issue, Vol. 19, No. 4) . This event was the culmination of a lengthy design, development, and implementation process begun in 1980 and established Canada among the world leaders in satellite remote sensing technology.
In April 1996, RADARSAT-1 completed its on-orbit commissioning and began providing high-quality synthetic aperture radar (SAR) data on an operational basis. The spacecraft performance has exceeded expectations in many areas and has provided high-quality data to both government and commercial users around the world engaged in resource management and environmental monitoring.
The quality and reliability of RADARSAT-1 data have attracted many users who now depend on SAR data for their operational needs. RADARSAT-1 has also proven the value of SAR data for applications such as ice forecasting, monitoring of coastal regions, assisting in disaster management, and protecting national sovereignty.
RADARSAT-2 is the follow-on mission to RADARSAT-1 designed to assure continuity of the supply of radar data to preserve and enhance the ability of the operational users to fulfil their mandates.
This paper provides an introduction to the RADARSAT-2 mission, including (i) background information and context for the mission, (ii) a summary of the SAR performance characteristics, (iii) an overview of the mission architecture, (iv) brief introductions to the major elements that make up the mission (space segment, ground segment, operations segment, and commercial operations), and (v) a look forward towards the launch and commissioning of the RADARSAT-2 spacecraft. Other papers in this special issue provide more detail on specific aspects of the space, ground, and operations segments and the applications of RADARSAT-2 data.
Background
In June 1994, Cabinet gave approval to the Long Term Space Plan II that, among other things, established earth observation as a priority of the Canadian Space Program. The Canadian Space Agency (CSA) was directed to enter into an arrangement with the private sector for the development and operation of a RADARSAT follow-on program to start in 1994-1995 that would maintain continuity of data following RADARSAT-1.
In August 1994, a solicitation of interest was released to Canadian industry to provide industry with the opportunity to invest in the RADARSAT program. The driving criterion was the maximum possible social and economic benefit to Canada. By April 1995, a consortium had been formed for the purpose of conducting a comprehensive feasibility study. This study was completed in June 1996 with a market valuation study and a viable business plan, including proposed investments from the private and public sectors.
Ultimately, the consortium was unable to meet all of the requirements identified by the CSA for implementing the follow-on program. The Government of Canada then initiated a competitive process, and a request for proposal (RFP) was issued in July 1997. After a full and detailed evaluation, MacDonald Dettwiler and Associates Ltd. (MDA) of Richmond, B.C., was selected to construct and manage RADARSAT-2. Development of a project plan was initiated under a contract to MDA in March 1998. Project definition was carried out under a prestart contract award to MDA in June 1998. A Master Agreement for the entire implementation, operation, and business development was signed into effect in December 1998. The Master Agreement provides a formal basis for the partnership arrangement between the CSA and MDA.
The RADARSAT-2 mission design and construction represent a significant evolution from RADARSAT-1, with new capabilities designed to ensure Canada's continued leadership in the SAR global marketplace. The development and deployment phase of the project will end approximately 3 months after RADARSAT-2 is launched. The operations phase is expected to last 7 years. During that phase, the satellite and its ground-based receiving and processing elements will provide data for government and commercial users.
The Government of Canada has endorsed a long-term objective to create a viable and competitive commercial industrial satellite remote sensing business in Canada. To support this, a major objective of the RADARSAT-2 project is the transition of the earth observation business from government to the private sector. Following this philosophy, the RADARSAT-2 mission represents a new approach to implementing major projects in Canada, an approach based on a government-industry partnership. Key elements of this arrangement include the following:
(1) The CSA is providing a fixed amount of the construction and launch costs for the mission. The CSA contribution represents an advance purchase of data and gives the CSA the rights to use RADARSAT-2 data to fulfil the government mandate. MDA is responsible for the balance of the funds for the construction and launch.
(2) The CSA will transfer to MDA existing RADARSAT-1 ground systems to allow them to be incorporated into the RADARSAT-2 mission.
(3) In line with government policy, the CSA will privatize satellite operations functions, enabling MDA to develop a commercial satellite operations capability.
(4) The CSA is providing expertise and the use of CSA facilities such as the David Florida Laboratories.
(5) MDA is the prime contractor and the design authority for the RADARSAT-2 mission.
(6) MDA will own and operate the RADARSAT-2 spacecraft and ground systems. MDA is responsible for operating costs over the mission life.
(7) MDA retains rights to the remaining SAR data and, through RADARSAT International (RSI), will market the RADARSAT-2 mission on a global basis.
Since the CSA has a significant financial stake in the program (approximately 60% of the overall mission costs), and because of commitments and obligations to ensure data continuity, the CSA will carefully monitor technical and programmatic progress throughout the construction phase. The CSA is also provided full visibility on the evolution of the business, regional development, operations, and system performance for a period extending up to the end-of-life of the RADARSAT-2 satellite.
The partnership approach adopted for the RADARSAT-2 mission has proven to be a strong benefit to the program by eliminating the problems that are typical of the more traditional client-contractor arrangements. The partnership allows information to be shared freely, and the resources of both industry and government to be applied towards resolving the challenges that invariably arise. The RADARSAT-2 program has faced some very significant challenges, and the strength of this partnership arrangement has allowed the program to constructively continue despite these obstacles.
Mission objectives
The primary objective of the RADARSAT-2 mission is the supply and distribution of SAR data and products that will meet the needs of present and future markets, with a financially viable approach, by leveraging the knowledge and experience gained through the RADARSAT-1 mission and taking advantage of newly developed technologies. This includes (i) operating the system to produce high-quality SAR products for at least 7 years after commissioning, (ii) providing data and customer service continuity with the RADARSAT-1 mission, (iii) expanding the SAR remote sensing market with new products and services, (iv) helping to promote the national interest, and (v) contributing to global environment and resource management.
The secondary objectives of the RADARSAT-2 mission include both business and national objectives.
The business objectives are to ensure that the earth observation business in Canada (including data suppliers, system and equipment suppliers, and value-added resellers) is developed into a world-leading, profitable, and sustainable business.
The national objectives are to foster the public good aspects of RADARSAT for resource management, environmental monitoring, support for Canadian sovereignty in the Arctic, and support to external and defence policy around the world. The most relevant application areas in meeting this objective are as follows: (i) improving resource management operations in the areas of ice and oceans, agriculture, geology, and hydrology; (ii) supporting the global effort to improve environmental quality through environmental planning, assessment, and management; (iii) supporting humanitarian and relief management efforts as the all-weather capability of RADARSAT-2 makes it eminently suitable to assess the extent of natural disasters and assist in planning in response to oil spills, earthquakes, floods, volcanoes, and violent storms; (iv) helping to promote national sovereignty by all-weather surveillance of shipping and fishing vessels in arctic and other coastal waters; and (v) supporting foreign and defence policy around the world, with key applications including ship and vehicle detection, ship identification, border and sovereignty reconnaissance, illegal activity monitoring, airstrip identification, refugee camp monitoring, land disturbance monitoring, and monitoring of environmental treaty violation.
The RADARSAT-2 vision

Technical vision
The RADARSAT-2 mission is designed to capitalize on the investment in expertise and infrastructure from the RADARSAT-1 mission, provide a major technology step forward, and provide added benefits to the user community.
The RADARSAT-2 mission is also specifically designed to foster the long-term success of the RADARSAT program and maximize the benefit to Canada from the investment made by the CSA and Canadian industry.
The RADARSAT-2 market valuation report document examined the market-driven issues for a follow-on mission to RADARSAT-1. A number of alternative mission concepts were examined, including using a spacecraft substantially the same as RADARSAT-1 but with a few enhancements. This formed the basis of the requirements for the RADARSAT-2 mission in the government RFP.
In responding to the RFP, the MDA proposal team concluded that a modest upgrade of the RADARSAT-1 design would not achieve the objectives of maintaining Canada's leading position in SAR remote sensing or produce a commercially viable program. The MDA team then began a process of assessing the new technologies that were available. This assessment revealed the opportunity for innovation, and a vision for an advanced mission concept emerged.
The technical vision for RADARSAT-2 started with a foundation built on the existing RADARSAT-1 mission. The proposal team went beyond the basic requirements, however, by incorporating technology enhancements that allow the RADARSAT-2 mission to routinely provide the user community with new, more valuable scientific data.
The design of the RADARSAT-2 mission is based on the following principles: (i) build on the RADARSAT-1 experience and infrastructure; (ii) maintain continuity of data and operations from RADARSAT-1; (iii) inject advanced technology into the program where this technology provides significant benefit at low risk; (iv) selectively enhance components of the RADARSAT-1 mission to better meet user, government, and industry needs; and (v) select capability and operational enhancements that support future, more sophisticated missions such as RADARSAT-3.
Build on the RADARSAT-1 mission
The Canadian investment in the RADARSAT program began in the early 1980s. The preparatory work led to a good understanding of the mandatory and desirable user requirements for the mission. The RADARSAT-1 mission was designed to satisfy these requirements.
The process of implementing and operating RADARSAT-1 has provided a solid foundation from which to move forward. The RADARSAT-2 mission builds on the experience and infrastructure gained from building and operating RADARSAT-1 by capitalizing on the knowledge base and reusing and enhancing the existing infrastructure and architecture.
From RADARSAT-1 we have (i) a good understanding of the mission requirements; (ii) an operating spacecraft that has been fully characterized for sensor performance; (iii) a groundsegment architecture that has proven itself under operational conditions; (iv) a set of comprehensive operational procedures for the mission, covering both normal and contingency scenarios; (v) a pool of experienced personnel, including managers, engineers, technicians, operators, and application specialists; (vi) a marketing and distribution infrastructure for data and products; and (vii) a wealth of archived SAR data for the planet.
Maintain continuity of data and operations
The RADARSAT-2 mission takes advantage of this solid foundation to provide enhanced capability in a low-risk and financially viable environment. The RADARSAT-2 mission will maintain all the positive elements from the RADARSAT-1 mission: (i) the overall mission concept is preserved and enhanced; (ii) the RADARSAT-1 mission requirements continue to be met and exceeded; (iii) data continuity is assured by maintaining the basic RADARSAT-1 sensor characteristics and products, namely the SAR operates in the same band (Cband), all RADARSAT-1 beam modes are provided, the orbit ground track and local nodal crossing time are identical, and product quality meets or exceeds the RADARSAT-1 specifications; and (iv) operational principles for managing the mission are maintained.
Advanced technology
The planning for the RADARSAT-2 mission came at an exciting time. The commercial space industry was going through a period of unprecedented growth, with programs being driven by lower cost small-satellite technologies. The growth was being led by the communications industry, with programs such as IRIDIUM ® , GlobalStar ® , and OrbComm ® , which saw well over 100 satellites launched and placed into service. Activity in the area of remote sensing satellites was also strong. The Mars Pathfinder mission was one example of the capabilities and cost savings brought about by technological advances. Commercial remote sensing programs were also taking advantage of these developments. The National Aeronautics and Space Administration (NASA) Clark satellite, Digital Globe's EarlyBird and QuickBird satellites, OrbImage's OrbView series of satellites, and Space Imaging's IKONOS series of satellites were already launched or would soon be launched.
Other countries were also embarking on their own national small-satellite programs, including China, Korea, Taiwan, Australia, Israel, and Thailand, to name a few. These countries were working to join the community of established countries in satellite remote sensing that included the United States, Canada, France, Japan, and India.
The advances in technology meant that the global satellite remote sensing community would become much more competitive. Fortunately, the same technology advances that made it possible for new competition also made it possible for the leading countries to make further advancements and to maintain their positions of leadership.
The opportunity to exploit these technological advances is what makes the RADARSAT-2 mission so exciting, as it provides the opportunity to (i) inject the new technology into the Canadian space industry to keep Canada as one of the leading countries in the development of remote sensing technology; (ii) provide an advanced SAR system to stay ahead of the competition and maintain the reputation of the CSA as a visionary organization; (iii) provide a stimulus to developers of new applications, value-added resellers, and service companies to promote growth in both the domestic and export markets; and (iv) provide new and better sources of information to better help us manage our fragile environment and protect our national sovereignty.
The design of the RADARSAT-2 mission took place more than 7 years after the basic design for RADARSAT-1 was finalized. Over this period, advances in technology for both space-borne and ground-based systems became mature enough to be low-risk enabling technologies for the next generation of RADARSAT satellite and mission. From all of the technology advances, there are four that were most significant to the RADARSAT-2 mission: (i) development of space-qualified, solid state, phased array antenna systems, the best example of the use of this technology being the IRIDIUM ® program where, at the time, the technology was proven on-orbit on more than 30 spacecraft, each having three phased array antennas; (ii) advancements in satellite bus technology that allowed smaller, cheaper, and more reliable platforms for supporting the payload; (iii) advancements in data-processing hardware and software that provide the required processing capability without the use of special purpose hardware; and (iv) advancements in networking and communications technology that provided new avenues for closing the gap between the mission, value-added resellers, and users of the data, with Internet-based technologies solving the data distribution problems that had impaired previous missions.
Selective enhancement of mission components
Using new technology just because it is available serves no purpose unless it also provides a significant benefit to the mission. In developing the RADARSAT-2 mission, the proposal team evaluated the benefits new technology could bring and also assessed the level of risk associated with each candidate technology. Only those new technologies that meet the following criteria were selected: (i) maintain the RADARSAT program's lead in SAR imaging systems, (ii) provide tangible user benefits, (iii) do not add significant risk to the program, and (iv) promote the long-term viability of the RADARSAT program.
The major spacecraft capability enhancements selected include (i) adding dual-polarization and quad-polarization capability to the SAR sensor; (ii) providing higher resolution imaging capability (3 m ultrafine beam modes); (iii) using two 150 gigabit solid state recorders in place of the tape-based recorders on RADARSAT-1; (iv) providing a more agile spacecraft capable of imaging either right looking or left looking on an orbit-to-orbit basis; (v) improving the spacecraft downlink, allowing the use of much smaller receiving antennas (3 m reflector), increasing the recorder playback data link rate to 105 megabits per second (Mbps), and providing data encryption for enhanced security; (vi) using global positioning system (GPS) receivers on the spacecraft to improve near-realtime orbit knowledge and the geometric accuracy of fast delivery products; (vii) adding star trackers to improve attitude control and knowledge; (viii) adding yaw steering to the attitude-control system to simplify and increase the robustness of the processing of the SAR data; (ix) improving the reliability and integrity of the command uplink by using modern communications protocols and encrypting the data; (x) providing a Moving Object Detection Experiment (MODEX) mode for research purposes; and (xi) developing the concepts for a future two-spacecraft tandem mission (RADARSAT-2 and RADARSAT-3) for topographic mapping and incorporating design changes into the RADARSAT-2 spacecraft to support this mission.
The major ground systems capability enhancements selected include (i) upgrading the Canadian Data Processing Facility (CDPF) to eliminate dependency on special-purpose hardware, improve performance, and support all the RADARSAT-2 beam modes and products, including the new high-resolution and multipolarization modes; (ii) incorporating new concepts and infrastructure for order handling that allow more autonomy for the commercial and government distributors; (iii) incorporating new concepts for planning of user requests for image collection that allow shorter planning cycles and rapid feedback on the feasibility of requests; (iv) integrating the RADARSAT-2 mission with the Canadian earth observation data archives; and (v) adding parallel systems for order handling, mission planning, and spacecraft control to allow support for RADARSAT-2 without disrupting RADARSAT-1 operations.
Mission requirements
The key documents for the RADARSAT-2 mission are shown in Figure 1 .
The RADARSAT-2 Mission Requirements Specification (MacDonald Dettwiler, 2003) is the governing document for the technical requirements for the RADARSAT-2 mission and is the source from which all other detailed technical specifications are derived. The importance of the mission requirements specification means that great care is required in developing this document through a rigorous mission definition process.
Mission definition
The mission definition process recognizes that the mission requirements specification is driven by many factors. These factors can be synergistic or can be in conflict with each other.
Evaluation of these factors and multidimensional trade-offs between them must be carefully performed if the mission is to be successful.
The factors that were considered in the mission definition process are illustrated Figure 2 and include the following:
(1) The RADARSAT-2 mission objectives provide a clear statement of the objectives for the mission and a "yardstick" against which the mission requirements specification can be measured.
(2) The RADARSAT-1 mission documents provided a base of requirements, concepts, analysis, and overall architecture on which to build. Specifically, the RADARSAT-1 mission requirements document provided a significant input to the RADARSAT-2 mission requirements specification. This is an acknowledgement that a major objective of the RADARSAT-2 mission is to provide continuity of data and operations with the RADARSAT-1 mission.
(3) The technical vision supplied the forward-looking ideas and concepts and developed "straw-man" concepts and architectures.
(4) The business plan provided a mechanism to test the viability and desirability of the straw-man concepts. Commercialization objectives must be satisfied, and a viable business must be built around the RADARSAT-2 mission to ensure the long-term future of the RADARSAT program. The business plan injects the balancing effects of fiscal reality into the mission definition process.
(5) The RADARSAT-2 enabling technologies are used to further validate the technical vision and to provide a feel for the relative cost of the different options being considered. The enabling technologies also help to assess risk and proper choice of technology to keep the level of risk to an acceptable and low level.
(6) The RADARSAT-2 team experience brought to the process the lessons learned from relevant previous projects and expertise in specialized fields. The extensive SAR, RADARSAT-1, and global earth observation experience of MDA brings mission-and domain-specific knowledge. Other members of the development and operations teams bring knowledge of space-qualified hardware design and manufacture, phased array antenna systems, and mission operations. This past experience reduces overall risk and helps lower costs to improve the business plan.
(7) The market valuation report is a joint industry feasibility study about a follow-on to the RADARSAT-1 mission that identified a number of "gold-key" enhancements to the RADARSAT-1 mission profile. These gold-key enhancements were identified as those with the greatest potential market value. The market valuation report provided guidance on desirable mission capabilities, information to help determine the "value" of proposed features and capabilities (for example, the value of improved resolution), and general input to the business plan. The RADARSAT-2 mission has been designed to capture over 80% of the value determined for the goldkey configuration (8) The long-term space plan of the CSA provided a framework and vision for the future. Developing a mission that is compatible with this framework helps strengthen the space plan and provides an environment that improves the long-term commercial and scientific prospects for the mission.
In addition, a concept of operations document was developed to provide an overall description of how the combined RADARSAT-1 and RADARSAT-2 missions would operate, guide the development of the mission requirements, and provide a framework for evaluating the completeness and quality of those requirements.
The RADARSAT-2 mission is funded, in part, by private industry and is to be operated on a commercial basis. To improve the overall probability of a successful commercial venture, it is important to develop the commercial aspects of the RADARSAT-2 mission to the same level as the technical aspects. The mission requirements specification and the documents derived from it contain technical requirements. To capture the commercial requirements and the business agreements related to the supply of data to the CSA, a companion set of documents has been produced: (i) the RADARSAT-2 business requirements specification defines the high-level business requirements for the RADARSAT-2 mission; (ii) the RADARSAT-2 business requirements allocation document partitions the mission into two parts, the RADARSAT system and the RADARSAT commercial operations, and allocates the high-level business and mission requirements to these parts; and (iii) the commercial operations to system interface control document defines interfaces between the system and commercial operations components.
The RADARSAT-2 team at MDA has the responsibility for implementation of all requirements allocated to the RADARSAT-2 system specification. RSI is responsible for the development of the RADARSAT commercial operations. Figure 3 illustrates the imaging capabilities of the RADARSAT-2 spacecraft. RADARSAT-2, like RADARSAT-1, operates at C-band. RADARSAT-2 preserves the RADARSAT-1 operating modes and adds new quad-polarization, multilook fine, and ultrafine modes.
SAR instrument characteristics
The more agile RADARSAT-2 spacecraft provides left-and right-looking image capability, which is selectable on an orbitto-orbit basis. This capability improves revisit time and stereoimaging capability, and it is implemented using a simple roll manoeuvre that requires approximately 10 min to complete. All beams will be available in both left-looking and right-looking operation. Table 1 provides additional detail for the RADARSAT-2 beam modes. The top part of Table 1 shows the standard RADARSAT-1 beam modes. All of the heritage beams supported by RADARSAT-1 will be supported in RADARSAT-2, and performance in these modes is as good as or better than the RADARSAT-1 specifications. Antenna polarization will be selectable on all the heritage beams. The bottom part of Table 1 shows the new operating modes for RADARSAT-2. One of the significant new features is the enhanced 3 m × 3 m resolution provided by the ultrafine beams.
The other significant enhancement is the quad-polarization modes. The SAR payload is capable of transmitting signals with either horizontal (H) or vertical (V) polarization. The payload is also capable of simultaneously receiving two polarizations (H and V). The quad-polarization mode is achieved by alternating transmitted pulses between polarizations, for example, transmit H on even pulses and V on odd, while simultaneously receiving both polarizations (H and V) each pulse. To achieve this, the overall pulse repetition frequency (PRF) is doubled and the pulse width is halved.
The quad-polarization mode (polarimetric SAR) generates images for all polarization combinations, HH, VV, HV, and VH, and the phase difference between them. From this information, one can derive the complete scattering matrix for each pixel. The benefits of polarimetric SAR data and analysis include (i) the use of polarization signatures to characterize targets, (ii) improved target to clutter ratios, (iii) improved classification, (iv) support for more sophisticated models of scattering from the earth's surface, (v) more information for users and application specialists, and (vi) a better understanding of the earth and its changes (van Zyl et al., 1987; Evans et al., 1988) .
Launch and orbit considerations
The spacecraft will be launched from the Western Range (Vandenberg Air Force Base, Calif.) by a Delta-2 model 7920-10C launcher provided by Boeing.
RADARSAT-2 will operate in an orbit that is identical (except for an offset in time) to that of RADARSAT-1. The orbit will therefore be sun-synchronous, crossing the equator in a southerly direction at dawn and a northerly direction at dusk, with the ascending node at 1800 ± 15 min local mean time, and completing 14 7 24 orbits in 24 h. The dawn-dusk orbit simplifies the design of the spacecraft power subsystem by reducing the need for large amounts of battery power. In this orbit, the solar panels are illuminated by sunlight almost continuously, the only exception being during an approximately 11-week period at the summer solstice where it will be in eclipse for periods of up to 18 min. This orbit will have an altitude of from 792 to 821 km, an inclination of 98.594°, a 7-day primary subcycle, and a 3-day secondary subcycle and provides 343 revolutions around the earth in its full repetition cycle of 24 days. The longitude of the ascending node, which is the equator crossing of the first orbit, will match the ascending longitude of one of the RADARSAT-1 orbits. RADARSAT-1 and RADARSAT-2 will thus share the same sun-synchronous orbital plane, and the ground track of RADARSAT-2 will match the historical ground track of RADARSAT-1.
RADARSAT-2 will be positioned relative to RADARSAT-1 in the orbit so as to allow the same ground stations to track and receive data from both satellites without conflict. This also allows the same tracking, telemetry, and command stations to be shared between the two spacecraft. Figure 4 shows the high-level organization of the RADARSAT-2 mission for the development phase of the project. The development phase concludes with the successful commissioning of the spacecraft (on-orbit) and the supporting ground infrastructure. The diagram also shows the lead organization for each of the elements.
Mission architecture
MDA is responsible for the overall management of the development program, which includes preparation of all specifications, managing subcontractors, managing overall budgets and schedules, etc.
The CSA Program Office manages the program on behalf of the Canadian Government. The CSA also manages the interfaces with other government agencies, provides advice and consulting to the MDA team, reviews major specifications and designs, and assists in the promotion of the program.
The mission itself is decomposed into five main areas: (i) mission system engineering provides the system engineering functions required to define the mission, oversee its development and integration, and ultimately verify all requirements are met; (ii) the space segment consists of the RADARSAT-2 spacecraft, assembly, integration and test activities and the launch services; (iii) the ground segment contains the infrastructure to accept user orders, plan imaging activities, control the spacecraft, receive, archive, process, and deliver SAR data, and maintain the overall image and product quality; (iv) the operations segment consists of the plans, procedures, and trained staff required to operate the mission; and (v) commercial operations defines and manages the commercial aspects of the mission, with RSI being primarily responsible for this aspect of the mission and involvement from the MDA RADARSAT-2 team to coordinate systems and procedures during the development phase. Each of these areas is described in the sections that follow.
Space segment
The RADARSAT-2 spacecraft is a new advanced class of SAR-based remote sensing satellite made possible by technologies developed after the design of RADARSAT-1 was completed. The RADARSAT-2 spacecraft will be able to do everything that the RADARSAT-1 spacecraft can do and considerably more. Figure 5 shows the RADARSAT-2 spacecraft, including an overview of the major spacecraft systems, which consist of the bus (including solar panels), the payload (SAR antenna and payload electronics), and payload support and deployment structures.
The spacecraft has a mass of approximately 2300 kg and is 15.0 m long, 1. When the "2" option is selected on transmit, the polarization alternates from pulse to pulse. H, horizontal polarization. provide approximately 3160 W of power at the beginning of life. The spacecraft bus is based on the PRIMA bus architecture developed by Alenia Spazio of Italy. This bus provides a lowrisk solution and brings with it a high degree of heritage, both in hardware and software.
The payload is composed of two elements. The first is the Cband SAR phased array antenna with integrated beam forming and steering electronics and transmit-receive modules. The antenna is composed of two wings, each with two antenna panels. Each antenna panel contains four columns, with each column containing 32 transmit-receive modules, each driving 20 radiating elements. This results in a total of four panels, 16 columns, 512 transmit-receive modules, and 10 240 radiating elements for the antenna. The SAR antenna has an aperture identical to that used on RADARSAT-1 at 1.447 m × 15 m, but its operation is significantly more flexible because of the phased array technology. It will be possible to defocus the array in elevation for wide-swath beams (as with RADARSAT-1) or in azimuth for high-resolution beams (not possible with RADARSAT-1).
The second payload element is the processing and control electronics for the SAR antenna and includes the sensor electronics and switch matrix.
The SAR antenna itself is supported by the extendible support structure, which is used to deploy the antenna and provide a rigid support in the deployed position.
Relative to RADARSAT-1, the RADARSAT-2 spacecraft will provide superior data storage, higher downlink data rates, more accurate attitude control, and more precise measurements of spacecraft position and attitude. The attitude-control system will support yaw steering to reduce the Doppler ambiguities in the received data. It will also allow the spacecraft to routinely fly in either right-looking or left-looking modes, which will improve the revisit time. This will be accomplished using a simple roll manoeuvre, eliminating the risky Antarctic mode manoeuvres performed by RADARSAT-1.
The spacecraft communicates with the ground using a combination of S-band (uplink and downlink) and X-band (downlink only). The S-band uplink supports a commanding rate of 4 kbps, and the downlink can support telemetry transmissions at rates of 16-512 kbps. The X-band downlink uses a pair of antennas (one for each of the left-looking and right-looking orientations) with two downlink channels at 105 Mbps per channel. A special mode using a single channel only will produce a signal that can be reliably received by ground station antennas with apertures as small as 3 m.
The spacecraft has been designed for a full 7 year operational mission life and features a fully redundant bus and payload design with no credible single points of failure. This redundancy is provided by using redundant components and by taking advantage of the inherent multiple redundancy in the phased array antenna design.
The spacecraft will be assembled, integrated, and tested at the David Florida Laboratories in Ottawa.
The RADARSAT-2 spacecraft design has taken into account the requirements for supporting more sophisticated follow-on missions, and the RADARSAT-2 spacecraft is ready to operate in tandem with a future RADARSAT-3 spacecraft to support a global topographic mapping mission. Figure 6 shows the ground infrastructure being constructed to support the RADARSAT-2 mission, including the subsystems that make up the Canadian ground segment (open boxes) and the external facilities incorporated into the mission (shaded boxes).
Ground segment
The Canadian ground segment consists of eight subsystems:
(1) Order handling subsystem (OHS) -The OHS accepts orders for image acquisitions and products, ensures orders comply with access control and commercial rules, tasks the rest of the ground segment as needed to complete the orders, and contains the worldwide data catalogue.
(2) Acquisition and reception planning subsystem (ARPS) -The ARPS plans imaging and downlink activities for the spacecraft, taking into account spacecraft resources and constraints; accepts imaging and downlink requests from the OHS, checks their feasibility, and inserts them into the plan; and produces spacecraft tasking schedules for the spacecraft control subsystem and reception schedules for the ground receiving stations.
(3) Spacecraft control subsystem (SCS) -The SCS controls the operations of the RADARSAT-2 spacecraft, accepts tasking schedules from the ARPS and merges these with other spacecraft activities to generate an overall schedule of spacecraft activities, prepares commands for uplinking to the spacecraft and receives and analyses telemetry from the spacecraft, and determines and maintains orbit characteristics.
(4) Tracking, telemetry, and command subsystem (TTCS) -Ground stations located in St. Hubert, Que., and Saskatoon, Sask., are used to communicate with the spacecraft for uplinking commands and downlinking telemetry. The ground segment also supports adding external telemetry, tracking, and command (TT&C) stations to augment those in Canada for supporting launch and commissioning activities and assisting in handling of spacecraft contingencies.
(5) Reception and archiving subsystem (RAS) -The RAS receives the X-band image data downlinked by the spacecraft, stores the data in a long-term archive and makes this data available to the processing and distribution subsystem, and produces entries for the catalogue for all data received. The RAS is being built in cooperation with the Canada Centre for Remote Sensing (CCRS), incorporates existing CCRS equipment, and will be owned and operated by the CCRS.
(6) Processing and distributions subsystem (PDS) -The PDS generates the standard products from the downlinked X-band data and distributes them to end users and supports fast-turnaround and routine product delivery modes.
(7) Image quality subsystem (IQS) -The IQS supports the maintenance of the quality of the RADARSAT-2 image data, produces orders for calibration data, analyses the data, and updates operational parameters as needed.
(8) Spacecraft simulator subsystem (SIM) -The SIM provides a spacecraft and TTCS simulation capability that is used for operations procedure development and testing, training of operations staff, conducting exercises and rehearsals, testing ground system components, and assisting in the diagnosis and recovery of spacecraft anomalies.
Ground segment subsystems are located in a number of facilities, including CSA facilities in St. Hubert, Que. and Saskatoon, Sask.; CCRS facilities in Cantley, Que. and Prince Albert, Sask.; and MDA/RSI headquarters in Richmond, B.C.
The ground segment also supports external reception, archiving, and processing facilities located through out the world.
Operations segment
The RADARSAT operations segment is defined as a collection of operations and maintenance personnel, validated procedures, data (including reference documentation), and training materials.
The operations segment operates the RADARSAT-1 and RADARSAT-2 spacecraft and ground segment to meet primary operational objectives of (i) maintaining the health and safety of the spacecraft by executing, monitoring, controlling and reporting on spacecraft and ground segment operations; (ii) satisfying user requests; and (iii) monitoring, controlling, and reporting on the quality of RADARSAT products.
To meet this objective the operations segment will (i) manage and conduct daily operations in accordance with plans and procedures, including nominal operations and, as necessary, contingency recovery operations; (ii) maintain operations segment infrastructure, including documentation, procedures, databases, etc., in accordance with operations policies and procedures; (iii) maintain ground segment infrastructure, including hardware, software, and facilities, in accordance with maintenance policies and procedures; (iv) maintain operations efficiency and proficiency through operations assessment and refinement, staff recruitment, and training; and (v) monitor, maintain, and report on overall system performance, prioritize and manage system problems and fixes, and recommend and implement enhancements agreed upon with commercial operations management to improve efficiency or meet new market needs.
as a result is not considered to be a value-added product as defined in (4). DIPs include manually and digitally interpreted data and data products.
(4) Value-added product (VAP) -Products derived at least partially from data that have undergone significant enhancement and addition of external information. As a rule, VAP is a product that does not contain the pixel structure of the original data (e.g., digital elevation model or digital terrain model).
(5) Information product and service (IPS) -Composed of one or several products generated from multiple sources of imagery and other types of information. The IPS can be, but is not limited to, a report that states the result of an analysis conducted on various types of information. The IPS specifically describes the information that a customer has requested.
(6) Commercial services -A range of commercial services including acquisition planning services, production and delivery services, and project management services.
In parallel with the development of the spacecraft and ground systems, RSI is developing the processes and infrastructure that will be required to support the commercial operations. Sales and marketing efforts have been initiated, distribution agreements are being arranged, corporate infrastructure is being enhanced, and staff is being trained to support the RADARSAT-2 mission.
RSI is also actively working to develop new markets through applications research and market development conducted in cooperation with CSA, strategic partners, value-added resellers, and independent organizations.
LEOP and commissioning approach
The objective of the launch and early orbit phase (LEOP) is to successfully complete all prelaunch, launch, deployment, and spacecraft bus configuration activities commencing at approximately launch minus 36 h until approximately launch plus 6 days. During LEOP the spacecraft will be launched, the solar arrays and SAR antenna will be deployed, and the major spacecraft subsystems will go through an initial check. The LEOP phase is completed once the spacecraft bus has been configured and is ready for operations, including the start of manoeuvres required to position the satellite in its final operational orbit.
During the latter portion of LEOP, the commissioning phase will commence. The objective of commissioning is to evaluate and characterize the complete performance of the bus, payload, and ground systems and verify that the RADARSAT-2 system is ready to transition into the routine operations phase.
Detailed bus and payload commissioning activities will be identified as part of the commissioning plan development, but in general the activities will (i) verify the bus performance baseline established during integration and testing, (ii) verify that the bus is capable of supporting routine payload imaging operations, (iii) complete payload characterization tests of preselected beams, (iv) complete evaluation of any anomalies detected during the LEOP and commissioning phases, (v) operationally demonstrate that the payload is functional and is capable of supporting routine image operations, and (vi) review commissioning activities and results and release the commissioning report.
Calibration of the SAR payload will begin during the commissioning phase. Calibration of RADARSAT-1 was a long process and was not completed by the time RADARSAT-1 was commissioned. RADARSAT-2 has many more beams and modes than RADARSAT-1, and the calibration process is more complex. Although techniques have been developed that will make the calibration process more efficient, the calibration is not planned to be complete by the end of the commissioning phase. Instead the calibration plan gives priority to calibrating the beams and modes that are expected to be in highest demand, and these are expected to be available at the end of the commissioning phase. The remaining calibration activities will be completed during the first months of routine operations.
At the completion of the commissioning phase, the RADARSAT-2 system will be declared to be operational (i.e., initial operations capability will have been demonstrated) and will transition into the routine operations phase. This marks the beginning of full commercial operation of the RADARSAT-2 mission. On a routine basis, the RADARSAT-2 mission will accept image requests for data from end users and will plan, schedule, execute, and monitor the actions required to satisfy the requests. Image quality of RADARSAT-2 products will be maintained, and products will be distributed to end users.
The routine operation phase is expected to last for at least 7 years.
Concluding remarks
RADARSAT-2 is a key milestone in the transition from a government-led initiative (RADARSAT-1) to a business run entirely by the private sector. Through its participation in RADARSAT-2, the private sector will begin fulfilling its commitments toward the long-term evolution of the earth observation business in Canada.
The vision for the RADARSAT-2 mission provides a wealth of opportunity for technical and business excellence. With these opportunities also come challenges, both technical and programmatic.
The technical sophistication of the spacecraft has presented many difficult technical problems to the engineers and technicians assigned to the mission. These challenges had been expected, and a strong technical team has been assembled to work through these issues. Through the perseverance and dedication of this team, innovative solutions have been found, and the problems have been overcome.
The unexpected, and most difficult, challenges on the mission have been programmatic and included (i) the need to find and contract a new SAR payload subcontractor because of unacceptable commercial terms from the original supplier, (ii) changing spacecraft bus subcontractors because of changes in regulations in the United States that restricted export of space-qualified equipment and the flow of technical information, (iii) funding and securing launch services for the mission after a contribution of these services from a potential partner could not be realized, and (iv) changes in regulations for licensing remote sensing spacecraft that introduce new restrictions for the design and operations of the mission.
In the development of a typical space mission, there is a customer and a prime contractor, each with their own objectives. This can lead to a way of doing business in which information is not freely exchanged, risk is not shared, and locally optimal solutions are developed that are often not best for the program as a whole. Under such an environment, any one of these programmatic challenges would have been significant enough to pose a serious risk to the completion of the mission.
It was only through the strength of the partnership arrangement between the CSA and MDA that these significant challenges have been overcome. The partnership fosters the free and open exchange of information and allows the resources of industry and government to be applied where they can be most effective. The RADARSAT-2 mission can serve as a model for future large programs involving government and industry participation.
Work on the development of the RADARSAT-2 mission is well underway as the spacecraft and ground systems are prepared for launch. For the space segment, the development of the bus, payload, and extendible support structure is nearly complete and equipment has been delivered to the David Florida Laboratories where spacecraft-level integration and testing activities are taking place. Work on the launch vehicle is substantially complete, and it is ready for launch.
The ground segment subsystems are either nearing completion or have been completed and are being integrated into the entire ground segment. Compatibility tests between space segment and ground segment elements have been conducted and will continue right up until launch.
The operations segment continues development of the operational plans. Detailed flight control procedures are being prepared and verified. Staff training and a comprehensive exercises and rehearsals program involving the ground segment will be completed prior to declaring that all is ready for launch.
Following launch, the LEOP and commissioning activities will begin and run for a nominal 90 days. Once completed, the mission will enter the routine operations phase. Users will have access to new data to help them manage their operations and the environment as a whole, and Canada will begin a new period of leadership in SAR earth observation systems.
